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Clinical PerspectiveWhat Is New?Decreasing gestational age was associated with a progressive increase in blood pressure among young adult women.At ≈18 years of age, women born preterm already displayed an increased risk of systolic hypertension compared with those born at term or post‐term.What Are the Clinical Implications?Our observations are compounded by previous studies showing long‐term metabolic and cardiovascular abnormalities in preterm survivors.Greater recognition of this at‐risk group should lead to early preventative measures to improve patient outcomes, including protective information, closer monitoring, and timely treatment of early signs of hypertension.

 {#jah34130-sec-0008}

The fetal environment is delicately poised and adverse early life events can have long‐term physiological effects.[1](#jah34130-bib-0001){ref-type="ref"} There is extensive evidence showing that the time spent by the fetus in utero and the mechanisms affecting gestational length have numerous long‐term effects, which are evident in both childhood and adulthood, and can even affect the subsequent generation.[2](#jah34130-bib-0002){ref-type="ref"}, [3](#jah34130-bib-0003){ref-type="ref"}, [4](#jah34130-bib-0004){ref-type="ref"}, [5](#jah34130-bib-0005){ref-type="ref"}

While a large number of studies have examined outcomes in childhood, studies extending into adulthood are more scarce. Nonetheless, the adverse outcomes in adulthood associated with preterm birth include reduced insulin sensitivity,[3](#jah34130-bib-0003){ref-type="ref"} increased adiposity,[4](#jah34130-bib-0004){ref-type="ref"} increased risk of short stature,[6](#jah34130-bib-0006){ref-type="ref"} and elevated blood pressure (BP).[5](#jah34130-bib-0005){ref-type="ref"}, [7](#jah34130-bib-0007){ref-type="ref"}

A systematic review and meta‐analysis of 1342 individuals born preterm found that, at a mean age of 17.8 years, they had a moderate increase in systolic BP relative to those born at term[7](#jah34130-bib-0007){ref-type="ref"} However, studies on preterm survivors are often confounded by the inclusion of participants born at very low birth weight. Further, there is a paucity of data examining associations between preterm birth and BP specifically in females. Previous large studies focused exclusively on males,[8](#jah34130-bib-0008){ref-type="ref"} hindering our ability to draw conclusions on the association between preterm birth and later BP among women. It is not possible to readily extrapolate observations on males to females, as there are recognized sexual dimorphisms regarding predisposition to various noncommunicable diseases (including hypertension) in association with early life events.[9](#jah34130-bib-0009){ref-type="ref"} Thus, we aimed to identify whether previous observations of increased BP in young adult males born preterm[8](#jah34130-bib-0008){ref-type="ref"} are also present in females.

Methods {#jah34130-sec-0009}
=======

Ethics approval was granted by the Uppsala\'s regional ethical review board. This study was conducted in accordance with approved national and international guidelines. Informed consent was not required and thus not requested from participants, as this is a register‐based study using anonymized data where participants were not contacted.

Data were extracted from the Swedish Conscript Register, which records information on young men and women who are assessed for military service in Sweden. This study covers data on female conscripts born between 1973 and 1988 who were assessed for military service at a mean age of 18 years between 1990 and 2007. Note that during the period covered by this study, conscription was mandatory for all Swedish men but not for women. Thus, all women included in this study had volunteered for military service.

The initial process of conscription consists of an interview and an IQ test, and only participants with acceptable cognitive function and physical history proceeded to physical examination.[8](#jah34130-bib-0008){ref-type="ref"} As a result, all women in our cohort had passed the initial screening. Further exclusion criteria from our study included birth outside Scandinavia, having congenital malformations (*International Classification of Diseases, Ninth Revision* 740--759 and *International Classification of Diseases, Tenth Revision* Q0--Q99), or being born to a mother younger than 18 years or 45 years or older.

Data from the conscript register were subsequently linked to the Swedish Birth Register, which records information on \>99% of all births in Sweden with a low error rate for key parameters.[10](#jah34130-bib-0010){ref-type="ref"} Gestational age at birth was estimated from the date of the last menstrual period for the majority of participants, otherwise estimates were based on ultrasound scans. Women were grouped into those born preterm (\<37 weeks of gestation) or not (≥37 weeks of gestation). Birth weight data were also extracted and transformed into age‐ and sex‐adjusted *Z* scores as per Swedish population standards.[11](#jah34130-bib-0011){ref-type="ref"}

Weight and height were measured at the time of conscription. BP was measured using sphygmomanometers following standardized procedures, as described in detail by Johansson et al.[8](#jah34130-bib-0008){ref-type="ref"} In brief, BP was measured in the right upper arm while in the supine position after at least 5 minutes of rest. A second BP measurement was taken if the first measurement was elevated (systolic BP \[SBP\] ≥135 mm Hg or diastolic BP \[DBP\] ≥85 mm Hg), with the lowest measurement recorded. Mean arterial pressure (MAP) was subsequently calculated as:$$\text{MAP} = \text{DBP} + \frac{1}{3}{(\text{SPB} - \text{DBP})}$$

Forms of hypertension were defined as per 2013 guidelines of the European Society of Hypertension and the European Society of Cardiology[12](#jah34130-bib-0012){ref-type="ref"}: systolic hypertension as SBP ≥140 mm Hg, diastolic hypertension as DBP ≥90 mm Hg, and isolated systolic hypertension as both SBP ≥140 mm Hg and DBP \<90 mm Hg.

Statistical Analyses {#jah34130-sec-0010}
--------------------

Analyses were performed in SPSS version 25 (IBM Corp) and SAS version 9.4 (SAS Institute Inc). Outcomes of interest were initially compared between women born preterm and others using 1‐way ANOVA, chi‐square test, or Fisher exact test, as appropriate. All data were then analyzed using linear mixed effects models, adjusting for woman\'s birth weight *Z* scores, maternal education (university versus lesser), paternal education (university versus lesser), and maternal identification number as a random factor to account for the correlation of siblings. Size at birth is known to be associated with BP later in life,[13](#jah34130-bib-0013){ref-type="ref"}, [14](#jah34130-bib-0014){ref-type="ref"} but we incorporated birth weight adjusted for gestational age and sex so that it was comparable across the gestational age range. Maternal and paternal education were used as proxy measures of socioeconomic status among conscripts,[15](#jah34130-bib-0015){ref-type="ref"} and were included in our models as parental education and socioeconomic position are associated with long‐term BP in the offspring.[16](#jah34130-bib-0016){ref-type="ref"}, [17](#jah34130-bib-0017){ref-type="ref"} In addition, models also adjusted for the woman\'s height where the outcome was BP[18](#jah34130-bib-0018){ref-type="ref"} or weight. Generalized linear models were then run to examine the relative risk of hypertension among women born preterm in comparison to those born at term or post‐term, accounting for the same confounding factors. Specifically, we used PROC GENMOD and log‐linked binomial models in SAS.[19](#jah34130-bib-0019){ref-type="ref"} Similar models were adopted to examine the same associations among male conscripts, for comparison with the original findings by Johansson et al.[8](#jah34130-bib-0008){ref-type="ref"} All tests were 2‐tailed, with statistical significance set at *P*\<0.05 and without adjustment for multiple comparisons.

Results {#jah34130-sec-0011}
=======

A total of 6759 women volunteered for the Swedish military service during the study period. From these, 1527 women were excluded (242 born outside Scandinavia, 224 with malformations, 228 with missing anthropometric data, 32 whose mothers were younger than 18 years or 45 years or older at childbirth, 785 with missing BP data, and 16 with missing gestational age information). Thus, we studied 5232 young women at a mean age of 18 years, of whom 299 were born preterm (5.7%). Subsequent adjusted analyses were performed on 4973 women who had additional data on parental education and birth weight (5.7% born preterm).

At the time of conscription, there were no differences in anthropometry between young women born preterm and those who were not ([Table](#jah34130-tbl-0001){ref-type="table"}). On average, women born preterm had SBP 3.8 mm Hg higher (*P*\<0.0001), DBP 1.1 mm Hg higher (*P*=0.026), and MAP 2.0 mm Hg higher (*P*\<0.0001) than those born at term or post‐term ([Table](#jah34130-tbl-0001){ref-type="table"}). Differences in SBP and MAP were unchanged after adjustment for confounders, but the difference in DBP was no longer statistically significant ([Table](#jah34130-tbl-0001){ref-type="table"}). Nonetheless, there was a progressive increase in SBP, DBP, and MAP with decreasing gestational age (Figure [1](#jah34130-fig-0001){ref-type="fig"}).

###### 

Anthropometric and Blood Pressure Data From Young Women Who Volunteered for Military Service in Sweden (1990--2007) According to Their Gestational Age at Birth

                                   Unadjusted Data   Adjusted Data                                                            
  -------------------------------- ----------------- --------------- ---------- ---------------------- ---------------------- ----------
  No.                              299               4933                       282                    4691                   
  Anthropometry                                                                                                               
  Height, cm                       167.3±6.2         167.8±5.8       0.12       167.5 (166.8--168.1)   167.8 (167.8--168.1)   0.17
  Weight, kg                       64.37±9.08        64.66±9.00      0.59       64.28 (63.36--65.21)   64.39 (64.15--64.63)   0.84
  BMI, kg/m^2^                     22.98±2.80        22.95±2.86      0.84       22.82 (22.49--23.15)   22.85 (22.76--22.93)   0.86
  Overweight/obesity               61 (20.4)         993 (20.1)      0.85       --                     --                     
  Obesity                          6 (2.0)           107 (2.2)       0.91       --                     --                     
  Blood pressure                                                                                                              
  SBP, mm Hg                       126.2±10.4        122.4±11.1      \<0.0001   126.1 (124.8--127.4)   122.4 (122.0--122.7)   \<0.0001
  DBP, mm Hg                       70.5±8.1          69.4±8.2        0.026      70.4 (69.4--71.4)      69.5 (69.2--69.7)      0.06
  MAP, mm Hg                       89.1±7.8          87.1±8.0        \<0.0001   89.0 (88.0--89.9)      87.1 (86.9--87.3)      0.0001
  Systolic hypertension            42 (14.0)         400 (8.1)       \<0.001    --                     --                     
  Diastolic hypertension           4 (1.3)           31 (0.6)        0.14       --                     --                     
  Isolated systolic hypertension   38 (12.7)         383 (7.8)       0.002      --                     --                     

Unadjusted data are expressed as mean±SD or number (percentage). Adjusted data are estimated marginal means and 95% CIs adjusted for confounding factors. Diastolic hypertension, ≥90 mm Hg; isolated systolic hypertension, systolic blood pressure (SBP) ≥140 mm Hg and diastolic BP (DBP) \<90 mm Hg; overweight/obesity, body mass index (BMI) ≥25 kg/m^2^; obesity, BMI ≥30 kg/m^2^; preterm, birth at \<37 weeks of gestation; systolic hypertension, SBP ≥140 mm Hg; and term or post‐term, birth at ≥37 weeks of gestation. Adjusted data were analyzed using generalized linear models, accounting for birth weight *Z* score, maternal education, and paternal education. Where weight or blood pressure was the outcome, models were also adjusted for the woman\'s height. MAP indicates mean arterial pressure.
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![Systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial pressure (MAP) according to gestational age among 4973 young Swedish women who volunteered for military service between 1990 and 2007. Data are expressed as estimated means and 95% CIs adjusted for birth weight *Z* score, height, maternal education, and paternal education.](JAH3-8-e012274-g001){#jah34130-fig-0001}

Rates of systolic hypertension were considerably higher in young women born preterm compared with those born at term or post‐term (14.0% versus 8.1%, *P*\<0.0001), as were rates of isolated systolic hypertension ([Table](#jah34130-tbl-0001){ref-type="table"}). The adjusted relative risk of systolic hypertension in women born preterm was 1.72 times (95% CI, 1.26--2.34; *P*\<0.001) that of women born at term or post‐term, but there was no difference in the risk of diastolic hypertension (adjusted relative risk, 1.60; 95% CI, 0.49--5.20).

Male Conscripts {#jah34130-sec-0012}
---------------

For comparison, we also examined the associations between preterm birth and BP among 366,399 male conscripts (5.0% born preterm). As observed among females, there was a progressive decrease in BP as gestational age increased (Figure [2](#jah34130-fig-0002){ref-type="fig"}). Thus, young males born preterm had increased BP compared with their peers born at term or post‐term: SBP +1.5 mm Hg (95% CI, 1.4--1.7; *P*\<0.0001), DBP +0.4 mm Hg (95% CI, 0.2--0.5; *P*\<0.0001), and MAP +0.8 mm Hg (95% CI, 0.6--0.9; *P*\<0.0001). In addition, the adjusted relative risk of systolic hypertension was 1.22 (95% CI, 1.19--1.25; *P*\<0.0001) and of diastolic hypertension was 1.29 (95% CI, 1.09--1.52; *P*\<0.0001) among males born preterm.

![Systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial pressure (MAP) according to gestational age among 366 399 men conscripted to military service in Sweden between 1990 and 2007. Data are expressed as the estimated mean differences in comparison to men born at full term (39--41 weeks of gestation) and the respective 95% CIs, adjusted for birth weight *Z* score, height, maternal education, and paternal education.](JAH3-8-e012274-g002){#jah34130-fig-0002}

Discussion {#jah34130-sec-0013}
==========

Our findings show that among young adult women in Sweden, decreasing gestational age was associated with a progressive increase in BP. Thus, at ≈18 years of age, women born preterm already displayed an increased risk of systolic hypertension compared with those born at term or post‐term. A similar pattern was observed among male conscripts, but the observed increase in BP in males born preterm was of a lesser magnitude.

To our knowledge, this study is the first to examine BP in a large cohort of women born preterm. Notably, we observed an adjusted SBP difference of 3.7 mm Hg between women born preterm and those born at term or post‐term, which is remarkably comparable to the observed difference of 3.8 mm Hg in de Jong et al\'s meta‐analysis[7](#jah34130-bib-0007){ref-type="ref"} of 5 high‐quality studies. Our study also corroborates the findings of Johansson et al[8](#jah34130-bib-0008){ref-type="ref"} on male Swedish conscripts born preterm who also had an increased risk of systolic hypertension but with no observed effect on DBP. Calculation of their pooled[20](#jah34130-bib-0020){ref-type="ref"} unadjusted mean difference in SBP between males born preterm and at term estimates it as 1.2 mm Hg, which is relatively similar to our observed difference among males but 3‐fold lower than the difference we found among females and in de Jong et al\'s meta‐analysis.[7](#jah34130-bib-0007){ref-type="ref"}

A number of developmental alterations in utero and in the early neonatal period have been described as the basis for the prehypertensive and hypertensive states diagnosed later in life in preterm survivors. Being born preterm interrupts development at a critical stage, as the final development of systemic processes and structures that regulate BP (including the renin‐angiotensin system and kidney nephrons) are only completed in the late stages of gestation, so that a premature birth results in abnormalities that impair the individual\'s ability to adequately regulate BP.[21](#jah34130-bib-0021){ref-type="ref"} This association has been demonstrated in animal models, where a reduction in nephron numbers alone was associated with hypertension later in life,[22](#jah34130-bib-0022){ref-type="ref"}, [23](#jah34130-bib-0023){ref-type="ref"}, [24](#jah34130-bib-0024){ref-type="ref"} with similar observations reported in humans.[25](#jah34130-bib-0025){ref-type="ref"} In addition, arterial wall elastin synthesis peaks towards the end of gestation,[26](#jah34130-bib-0026){ref-type="ref"} which is particularly important for the development of the arterial tree that, in turn, has a crucial role in maintaining normotension.[27](#jah34130-bib-0027){ref-type="ref"} Other studies have also shown an association between cardiac underdevelopment in animals born preterm and the long‐term development of increased BP.[28](#jah34130-bib-0028){ref-type="ref"} Further, Kowalski et al[29](#jah34130-bib-0029){ref-type="ref"} recently reported on the relationship between preterm birth and increased aortic wave reflection, which was associated with elevated central aortic systolic pressure in adolescents.

Study Limitations {#jah34130-sec-0014}
=================

It should be noted that our study cohort included only women who passed the initial conscription screening in Sweden for acceptable physical history and cognitive function. Since they have also volunteered for military conscription, it is likely that they were healthier than the general population of young adult women in Sweden of similar age. As a result, it is possible that the nature and magnitude of the associations observed here between preterm birth and later BP could differ in the general population. We were also unable to account for other socioeconomic and lifestyle factors, as well as whether the woman was a twin or singleton, which could have affected the accuracy of our parameter estimates. In addition, gestational age was estimated based on the date of the last menstrual period for the majority of participants in our study, which is less precise than estimates based on ultrasound scans.[30](#jah34130-bib-0030){ref-type="ref"}

Conclusions {#jah34130-sec-0015}
===========

Our findings of increased SBP and a greater risk of hypertension in young women born preterm corroborates previous findings in men. These observations are compounded by previous studies showing long‐term metabolic and cardiovascular abnormalities in preterm survivors.[3](#jah34130-bib-0003){ref-type="ref"}, [4](#jah34130-bib-0004){ref-type="ref"}, [5](#jah34130-bib-0005){ref-type="ref"} Greater recognition of this at‐risk group should lead to early preventative measures to improve patient outcomes, including protective information, closer monitoring, and timely treatment of early signs of hypertension.[31](#jah34130-bib-0031){ref-type="ref"}, [32](#jah34130-bib-0032){ref-type="ref"}
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